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Abstract 
Equine sarcoids (ES) are the most common skin tumors in equids all over the world. No universal 
treatment is yet available and the aetiology of the disease is not yet fully understood. Though, it is 
believed to be a multifactorial disease in which both genetic and infectious factors have been 
implicated. Association between ES and certain serotypes in the Major Histocompatibility Complex 
(MHC) region has previously been demonstrated and DNA from Bovine Papillomavirus (BPV) type 1 
and 2 in and around equine sarcoid tumours has also been detected.  
   The aim of this study is to further characterize the molecular genetic background of the susceptibility 
of ES with the main focus on the MHC-region. The high resolution and accuracy of microsatellite 
analyses may complement earlier serological studies.  
   A total number of 78 horses were included in the study. 26 of these were classified as ES-affected by 
histological analysis. 32 of the horses were Swedish Warmbloods and 16 of these were ES-affected. 
12 microsatellites in the MHC-region, including all three classes of MHC, as well as two 
microsatellites on chromosome 23 were tested for differences in heterozygosity and allele frequencies, 
occurrence of haplotypes as well as length of consecutive homozygous regions between cases and 
controls.  
   The majority of the markers with significant results are located in MHC class II. Significant results 
were also observed for one marker located on chromosome 23. Longer consecutive regions of 
homozygous markers were observed in cases than in controls indicating a disadvantageous effect. The 
genetic profiles of horses affected with Equine Sarcoids are different from that of non-affected horses. 
In addition, the results implicate breed differences in the genotypes of the horses included in the study. 
Interestingly, this study also indicates protective effects of certain alleles and haplotyps towards the 
development of ES.  
 
 
Key words: Equine sarcoids, genetic background, Major Histocompatibility Complex (MHC), Bovine 
papillomavirus, microsatellites 
  
2 
 
  
3 
 
Table of contents 
Introduction ............................................................................................................................................. 5 
Equine Sarcoids ................................................................................................................................... 6 
Aetiology ............................................................................................................................................. 7 
Genetic background ............................................................................................................................. 7 
Bovine Papillomavirus (BPV) ............................................................................................................. 7 
BPV and Equine Sarcoids ................................................................................................................... 8 
Treatment ............................................................................................................................................ 8 
Major Histocompatibility Complex (MHC) ...................................................................................... 10 
Microsatellites ................................................................................................................................... 11 
Materials and Methods .......................................................................................................................... 12 
Population and samples description .................................................................................................. 12 
DNA isolation.................................................................................................................................... 12 
Microsatellite analysis ....................................................................................................................... 12 
PCR-amplification ............................................................................................................................. 13 
Statistical analyses ............................................................................................................................. 14 
Results ................................................................................................................................................... 15 
Hardy Weinberg Equilibrium ............................................................................................................ 15 
Fisher Exact ....................................................................................................................................... 15 
Heterozygosity................................................................................................................................... 16 
Allele frequencies .............................................................................................................................. 18 
Homozygosity of significant differences in allele frequency between cases and controls ................ 19 
Homozygous stretches ....................................................................................................................... 19 
Haplotypes ......................................................................................................................................... 20 
All horses included ........................................................................................................................ 20 
Swedish Warmbloods .................................................................................................................... 21 
Discussion ............................................................................................................................................. 22 
Conclusions and future perspectives ................................................................................................. 26 
References ............................................................................................................................................. 28 
Appendix I ............................................................................................................................................. 32 
 
 
4 
 
  
5 
 
 
Introduction 
Equine sarcoids (ES) are the most common skin tumours in equids all over the world. They are benign 
and non-metastatic tumours that may exist on any part of the body. Several forms of sarcoids have 
been recognized. The physical appearance and number of tumours can differ considerably between 
horses. Also, several types of tumours may exist in the same individual. Even though ES are not lethal 
they may considerably affect the use, welfare and value of the horse. The aetiology of ES is not yet 
entirely understood. Though, it is believed to be a multifactorial disease where both genetic and 
infectious factors have been implicated.  
   Earlier serological studies have shown an association between ES and certain serotypes in the Major 
Histocompatibility Complex (MHC) region. The MHC encodes components involved in the immune 
system and is in the horse called equine leukocyte antigens (ELA). Several studies have also detected 
DNA from Bovine Papillomavirus (BPV) type 1 and 2 in and around equine sarcoid tumours. The 
virus has furthermore been demonstrated to be able to transform equine fibroblasts. It is thus proposed 
that BPV is the infectious agent involved in triggering of ES and that the genetic background of an 
individual may influence the risk for the development of ES.  
   This study aims to further characterize the molecular genetic background of the susceptibility of ES 
with the main focus on the MHC-region. The high resolution and accuracy of microsatellite analyses 
may complement earlier serological studies. Treatment of ES is still a challenge and increased 
knowledge about potential genetic factors involved could therefore benefit both the development of 
new treatments strategies and potential selective breeding programmes.  
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Equine Sarcoids 
Equine ES (ES) are the most common skin tumours in equids. The condition has been recorded for 
several thousand of years but was not pathologically described until 1936 by Jackson (Marais et al 
2007, Bogaert et al 2008a, Foy et al 2002). Presence of ES has been observed all over the world and 
can develop in all equid species at any age. Although they most commonly affect horses younger than 
six years of age (Foy et al 2002). Moreover, they seem to be independent of breed, sex and coat colour 
(Bogaert et al 2008a, Broström 1988).  
The tumours are nonmetastatic and may exist on any part of the body, even though they are 
predominantly found in the paragenital region as well as on the head and limb (Bogaert et al 2008a, 
Foy et al 2002). The condition is strictly limited to the skin and the tissue directly under it. It does not 
spread to internal organs (Knottenbelt, 1995). Physical appearance and number of tumours can differ 
considerably both between individuals and in the affected individual. Also, some ES seem to be stable, 
whereas others show rapid and aggressive growth with infiltration of the skin (Bogaert et al 2008a). 
Even though ES are not lethal they may affect the use, welfare and value of the horse (Bogaert et al, 
2008a, Knottenbelt, 1995).  
 
 
                     Photo: Hans Broström 
 
ES are classified into six different forms; occult, verrucous, fibroblastic, nodular, mixed and 
malevolent (Bogaert et al 2008a). Occult ES are flat, circular and hairless areas with thickened skin 
commonly found on the face and neck as well as on areas with modest hair growth (Knottenbelt, 
1995). These tumours are benign, but may develop into a more aggressive form if exposed to trauma 
(Foy el al 2002). Verrucous ES are usually small with a wart-like appearance and poorly defined 
margin (Knottenbelt, 1995). They are commonly located in the axillae and groin and seldom become 
aggressive unless injured (Foy et al, 2002). Nodular ES are subcutaneous and moveable nodules under 
normal skin often found in the groin and eyelid margins (Foy et al, 2002, Knottenbelt, 1995).  This 
type may ulcerate and develop into fibroblastic ES, which is the most aggressive type of ES 
(Knottenbelt et al., 1995; Foy et al., 2002). Fibroblastic ES often have an ulcerated surface 
predisposed to trauma, haemorrhage and local infection (Knottenbelt, 1995). They can develop at 
almost any site and commonly appear at previous wound sites and may also develop as a result of an 
injured ES of another type (Knottenbelt et al., 1995; Foy et al., 2002). Mixed ES are a combination of 
two of the previously described forms of ES often located at the axillae, groin and around the face 
(Bogaert et al., 2008a; Knottenbelt., et al, 1995). Malevolent ES are invasive tumours that infiltrate 
lymphatic vessels and result in multiple tumour masses at the sites (Knottenbelt et al., 1995).  
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Aetiology 
The aetiology of ES is not yet entirely understood. The disease is however belied to be multifactorial 
with both a genetic and infectious background (Amtmann et al., 1980; Angelos et al., 1990; Bogaert et 
al., 2008a). A breed predisposition has been demonstrated in a number of studies (Broström et al., 
1988; Meredith et al., 1986) and Broström (1988) has also shown a familiar correlation. The genetic 
background has previously been associated to the Major Histocompatibility Complex in horses; the 
Equine Lymphocyte Antigen (ELA) system (Meredith et al., 1986; Broström et al., 1988; Lazary et al., 
1985). Another factor strongly linked to the development of ES is the Bovine Papillomavirus (BPV) 
(Nasir et al., 1999; Otten et al., 1993). Several studies have detected BPV-DNA in ES (Nasir et al., 
1999; Martens et al, 2001) and inoculation with BPV has been shown to give rise to ES-like tumours 
(Olson and Cook, 1951; Ragland and Spencer, 1969). 
Genetic background 
A genetic predisposition as well as breed association has been demonstrated in several studies 
(Broström et al., 1988, Angelos et al., 1988, Nasir 2008, Meredith 1986).  
   Higher prevalence of sarcoids has been demonstrated in Appaloosa, Arabian and Quarter horses 
compared to Thoroughbreds (Mohammad et al. 1992; Angelos et al., 1988). On the other hand, the 
frequency of sarcoids in Thoroughbreds is considerably higher than in Standardbreds (Meredith et al., 
1986; Mohammed et al., 1992; Broström, 1995). In addition, family studies in Swedish Warmbloods 
have revealed a susceptibility to the disease inherited to the next generation by one of the parental 
haplotypes (Broström et al. 1988).The genetic background of sarcoids in Swedish Warmbloods is 
similar to that in Swiss, French and Irish Warmbloods as well as in Thoroughbreds (Broström et al., 
1988, Lazary et al., 1985, Meredith et al., 1986). Warmblood breeds are however closely related and 
are in addition crossbred with Thoroughbreds. This fact might explain the analogous genetic 
background (Broström et al., 1988). Furthermore, an additional genetic specificity was found in horses 
of Irish background (Lazary et al., 1985).  Hence, these results clearly suggest a breed predisposition 
for sarcoids. A possible explanation to this may be differences in the genetic background between the 
investigated breeds (Lazary et al., 1985; Meredith et al., 1986). 
   Angelos et al., (1988) do however speculate that the breed association might be influenced by 
environmental facts in some breeds. Since sarcoids have been shown to have a multifactorial 
background the possible involvement of BPV (Bovine Papillomavirus) could affect the prevalence of 
the disease. Quarter Horses and Appaloosas are for example often kept on cattle farms and the 
proximity to cattle increase the prevalence of BPV. 
Bovine Papillomavirus (BPV) 
Papillomaviruses are small, non-enveloped, double-stranded DNA-viruses. They belong to the family 
of Papoviridae, which is a large family of both human and animal viruses (IARC, 2007; Carr, 2001b). 
The viruses infect epithelial cells in a species-specific manner and induce cell proliferation that causes 
warts, papillomas or condylomas (IARC, 2007).  
Two groups of Bovine Papillomaviruses exist and are in turn divided into six different subtypes 
(Carr, 2001b). BPV group A includes subtypes 1, 2, and 5. These viruses can transform both 
fibroblasts and epithelial cells and cause fibropapillomas. BPV group B includes types 3, 4, and 6. 
This group can only transform epithelial cells and causes true papillomas (Carr et al., 2001 b; Coggins 
et al., 1985). 
BPV has a circular genome of 7.9 kb that encodes 8 different genes; 6 early genes and 2 late genes 
(Amtmann et al., 1980; IARC, 2007). The early genes (E1-E2 and E4-E7) control replication and 
transformation whereas the late genes (L1 and L2) encode the structural proteins of the virus 
(Amtmann et al., 1980). E5 is the major oncoprotein of BPV and is indeed the most extensively 
studied gene (Marchetti et al., 2002).  
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Commencement of the viral life cycle is believed to be initiated by infection of the basal epithelial 
cells, most probably at sites of injury (IARC, 2007). The replication of the viral DNA occurs in cells 
of the spinous and granular layers and is strictly linked to the differentiation status of the infected cell 
(Amtmann et al., 1980; Campo, 1997a).  
BPV and Equine Sarcoids 
The involvement of BPV in ES is contradictory. It is however commonly accepted that a viral 
component is in some way involved in the development of the tumours. A number of studies have 
demonstrated presence of BPV DNA in several types of ES, including fibroblastic, nodular, occult and 
verrucous (Bogaert et al., 2007, Carr et al., 2001a; Martens et al. 2001a; Amtmann et al., 1980; 
Angelos et al., 1991; Hartl et al., 2011). The presence of BPV DNA has been evaluated in several 
countries with a high level of incidence as result. Angelos et al. (1991) found viral DNA in 95% of 
samples from New York and in 85% of samples from Switzerland. 100% detection has been 
demonstrated in Switzerland, where both BPV 1 and BPV 2 were detected. One of the examined 
horses had two ES of which one contained DNA from BPV 1 and the other from BPV 2.  In addition, 
the BPV 1 DNA from the equine ES showed similar restriction pattern as cattle kept in the area (Otten 
et al., 1993). Both types of BPV have also been demonstrated in Belgian horses (Martens et al., 2001a) 
as well as American horses (Carr et al., 2001a). Several studies have demonstrated expression of 
several viral oncogenes (E2, E5, E6, E7, L1 and L2) in equine ES, which thereby indicate involvement 
of BPV in the development of ES (Nasir and Reid, 1999; Carr et al., 2001a; Haralambus et al., 2010). 
Though, up to date no vegetative virus has been discovered in ES and no horse with naturally 
occurring sarcoids has yet developed detectable antibodies directed against BPV in the blood 
(Knottenbelt 2003). However, experimental inoculation with the virus has been shown to produce 
lesions with similar characteristics to naturally developed ES (Carr et al., 2001b; Knottenbelt, 1995). 
These lesions do, in contrast to ES, heal spontaneously. Also, these horses do contrary to naturally 
affected horses produce detectable antibodies against the virus (Knottenbelt, 1995; Broström 1995). 
Treatment 
There are a large number of different therapeutic methods for the treatment of ES available world-
wide. Not one method is universally effective and the results vary due to features such as the size and 
type of ES (Knottenbelt et al., 1995). 
 One of the oldest and most widely used treatment of equine ES is topical application of cytotoxic 
chemicals, e.g. copper sulphate, nitric acid and silver nitrate (Knottenbelt, 1995; Stewart et al., 2006).  
The chemical drugs are applied directly onto the ES and generates specific necrosis by inhibition of 
nucleic acid synthesis and thereby elimination of the ES tissue (Knottenbelt et al., 1995; Stewart et al., 
2006). This method is however not applicable on all parts of the horse, for example eyelids and lips 
(Knottenbelt et al., 1995; Stewart et al., 2006; Carstanjen et al., 1997). 
An attractive treatment option is the use of immune-mediated therapy. Autogenous vaccines have 
not shown any promising results, but the use of immunomodulators has in many cases shown a 
satisfactory effect (Klein et al., 1986; Mattil-Fritzl et al., 2008; Klein et al., 1990). One of the most 
studied immunomodulators is Bacillus Calmette-Gu6rin (BCG). The agent is injected into the tumour 
and believed to stimulate a natural immune response against tumours (Klein et al., 1986). Another 
immune-mediated therapy is the use of virus-like particles with the intention to function as a potential 
antigen towards the BPV protein E7 (Mattil-Fritz et al., 2008).  
There are in addition a number of topical treatments with immune modulation effects available on 
the market. Aldara TM, containing the active substance imiquimod, has shown promising results 
(Bogaert et al., 2008b; IARC, 2007.). Imiquimod is a Toll-like 7 agonist believed to bind to membrane 
receptors on immune cells (Petterson et al., FASS.se, 2010a) and thereby activate production of 
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mRNA encoding cytokines, including interferon-α, at the treatment site (Pettersson et al., Topical tr.). 
Successful results have besides in horses also been demonstrated in both humans and other animals 
(FASS.se, 2010; Bogaert et al, 2008b). Another antiviral topical treatment is Asiclovir cream, 
originally designed to inhibit human herpesvirus replication (Stadler et al., 2011; FASS.se, 2012). 
Asiclovir is an acyclic nucleoside that becomes activated inside the infected cell when phosphorylated 
by a virus specific tymidinkinase (Stadler et al., 2011; FASS.se, 2012.). Further phosphorylation is 
thereafter induced and Asiclovir is transformed into Asiclovir-3-phosphate, which competes as a 
substrate for viral DNA-polymerase. This results in inhibition of viral replication (FASS.se, 2012). An 
additional topical regimen is the herbal cream XXterraTM ( Vetline, USA, N-vet, Sweden). XXterraTM 
(Pettersson et al.) consists of zinc-chloride solution and extracts from the plant bloodroot, which 
contains alkaloids such as sanguinarine, chelarathrine and protopine (Pettersson et al., Topical tr.).  
The zinc chloride provokes inflammation of the ES surface and the bloodroot alkaloids are thereafter 
proposed to modify ES cells to become antigenic. This process stimulates the host's immune system 
and results in an immune rejection of the tumor (Pettersson et al.). 
The efficiency of these immune modulating agents are, in concordance to other methods, 
depending on the type of ES and relies upon the volume of the injected volume of antigens as well as 
an effective immune capacity of the host (Knottenbelt and Kelly, 2000). 
Available on the market is also Iscador® P, composed of Mistletoe extracts (Viscum album 
austriacus), which for a long time has been used for treatment of human skin tumours (Diss- Clottu; 
Christen-Clottu et al., 2010). The main components in Iscador ®P, lectins and viscotoxins (Christen-
Clottu et al., 2010), have shown both cytotoxic and growth-inhibiting effects on a number of human 
tumor cell lines in vitro as well as in mouse models (Christen-Clottu et al., 2010). Mistletoe extract has 
also been shown to have immuno modulation effects, inhibit angiogenesis, and have antimutagenic 
effects as well as DNA stabilizing properties (Christen-Clottu et al., 2010).  VAE is administered 
subcutaneously and therefore has a systemic effect. One disadvantage of the method is the slow 
response towards treatment. However, complete or partial regression has been demonstrated to be 
sustainable over a long time (Christen-Clottu et al., 2010).  
Surgical excision has been used for several years with varying results. The method has a rather 
high tendency for regrowth of large tumours with less defined margins. The recurring tumours may 
develop into a more aggressive form and the method is not applicable on all parts of the horse due to 
cosmetic reasons (Carstanjen et al., 1997). Surgical removing of nodular ES has however shown 
satisfactory results (Knottenbelt, 2003). Surgery with CO2 laser is a precise method and the wound 
healing is generally without complications, but there is a risk of leukotrichia and/or cutaneous scar 
tissue after treatment (Carstanjen et al., 1997).Cryosurgery, repeated freezing and thawing of ES, has 
also been demonstrated as a possible option for treatment (Klein et al., 1986). This method has been 
evaluated as treatment option for skin tumours in dogs and cats with good results. Particularly for dogs 
and cats with skin and subcutaneous tumors that are difficult to treat by other methods because of size, 
nature, and location of the lesions (Fernandez de Quieros, 2008). 
Implantation of iridium-192 directly in the tumour has also been reported to give a high level of 
tumour regression for both periocular and non-ocular ES (Cook et al., 2006; IARC, 2007). The method 
is however strongly recommended for non-ocular ES (Cook et al., 2006; IARC, 2007). Compared to 
other treatment options this method has shown minimal damage of surrounding tissues as well as low 
rates of complications (Cook et al., 2006; IARC, 2007).  The limiting factor is that each radiation 
source only can treat a restricted volume of tumours (IARC, 2007).  
In 2011 Tamzali et al., demonstrated a safe and effective treatment of ES by the use of 
electrochemotherapy. All types of ES at all anatomic locations can be treated with low cosmetic 
damages (Tamzali et al., 2011). This treatment option does however require repeated treatments and 
therefore also repetitive anaesthesia (Tamzali et al., 2011).  
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In conclusion, the treatment of ES is still a challenge. A precise diagnosis of the type of ES and a 
correct choice of treatment method does however make it possible to achieve 100% recovery 
(Knottenbelt, 2003).  
Major Histocompatibility Complex (MHC) 
The immune system functions as protection of the body against foreign invaders such as bacteria and 
viruses capable of causing infections (NIAID, 2011a). In order to eliminate the invaders the immune 
system uses several different pathways (Dzik, 2010; NIAID, 2011b). Two central functions in the 
response to the invasion are detection of the invader by sensors and eliciting response effectors to 
attack it (Bowers, 2006; Dzik, 2010). The sensors of the adaptive immune system, receptors on T-cells 
and antibodies, are able to recognize a vast number of molecular structures. T-cells are active 
intracellularly where they induce apoptosis of infected cells. Antibodies comprise the primary defense 
against extracellular invaders. They operate by binding to the foreign substances and thereby block the 
ability of the invader to associate with their targets (Bowers, 2006; Dzik, 2010).  
   A key component for this system to function is the Major Histocompatibility Complex (MHC) (Choi 
et al., 2011; Meyer et al., 2001). MHC molecules present peptides, mainly antigens, to the T-cell 
receptors, which is a crucial step for the initiation of an immune response (Dzik, 2010; Choi et al., 
2011; Meyer et. al 2001). The effect of the T-cell signaling is regulated by the affinity and duration of 
the binding of the T-cell receptors with MHC-peptide complexes (Jiang et al., 2004).  
   There are three classes of MHC: class I, II and III (Bogaert et. al, 2008a). The pathways involved in 
antigen presentation differ between the classes (Lewis et al., 2010). Class I is primarily associated with 
intracellular pathogens (Lewis et al., 2010). The genes in the region code for glycoproteins involved in 
recognition and destruction of infected cells (Bogaert et. al, 2008a). Genes in MHC class II is mainly 
associated with extracellular pathogens (Bogaert et al., 2008a; Dzik., 2010). Class II encoded proteins 
are conveyed on the surface of cells presenting antigens to T-cells (Bogaert et. al, 2008a; Darrilyn et 
al, 1997). Class III includes genes involved in the complement immune system as well as in 
inflammatory processes (Bogaert et. al, 2008a; Xie et al., 2003). This region is localized between 
MHC classes I and II and is the most gene dense region in humans. About half of the genes in the 
region are still not characterized (Xie et al., 2003).  
   The equine MHC has a similar structure to that of humans and other mammalian species (Darrilyn et 
al., 1997). MHC in horse is called the equine leukocyte antigen (ELA) system and has been localized to 
equine chromosome 20. The genes in the equine MHC are called ELA (equine leukocyte antigens) 
(Bogaert et. al, 2008a; Ansari et al., 1988). The ELA system has, in concordance to other mammals, 
maintained a high level of conservation of nucleotide sequences (Ansari et al., 1988). 
   MHC is one of the most polymorphic and gene dense region regions in the genome of vertebrates 
(Gaudieri et. al, 2000; Vandiedonck and Knight, 2009). The majority of MHC-loci hold a vast number 
of alleles. Large differences in the number alleles have been demonstrated between human populations 
as well as between two populations of Przewalski’s horses (Hedrick et al, 1999; Meyer et. al, 2001). 
Alleles in the MHC-region are generally older than alleles from genes with neutral evolution (Meyer et 
al., 2001). The genes in the MHC region are proposed to be under natural selection where increased 
variation is favorable. The polymorphic regions in MHC are localized to the regions involved in 
presentation of peptides (Meyer et. al, 2001).It is hypothesized that individuals with a high level of 
heterozygosity in the MHC-region have ability to deal with a larger number of pathogen peptides than 
homozygous individuals. The relative fitness is therefore likely to be higher among heterozygous 
individuals, which results in accumulation and persistence of different alleles in MHC (Lewis et al., 
2010).  Resistance or susceptibility of both non-viral and viral infections has previously been 
associated to alleles in the MHC-region. This has been demonstrated in several human populations and 
recently also in equine populations (Meyer et. al 2001; Andersson et. al, 2012). Andersson et. al 
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(2012) have indeed showed that individuals homozygous in MHC class II influenced susceptibility to 
delveopment of Insect Bite Hypersensibility in Icelandic Horses and Exmoor Ponies. Large 
differences in the number alleles have been demonstrated between human populations as well as 
between two populations of Przewalski’s horses (Hedrick et al, 1999; Meyer et. al, 2001). 
   In addition, association of ES has previously been associated to equine chromosome 23 (Jandova et 
al., 2012. Chromosome 23 encodes genes involved in immunity towards tumors and viruses (Himmler 
et al., 1986; Jandova et. al, 2012). The associated genes do for example include interferons, 
programmed death ligands and janus kinases (Jandova et. al, 2012). Associated candidate regions for 
Insect Bite Hypersensibility in Icelandic horses and Shetland Ponies have also been localized to 
chromosome 23 (Schurink et. al, 2012). 
Microsatellites 
Microsatellites are short tandem repeats of DNA sequence. The repeats are comprised of motives of 
one to six base-pairs and commonly have a length of 20 to 100 base pairs in total (Armour et. al., 
1999).  The number of repeats of the sequences can differ among individuals (Sclötterer 2000). Over 
one million microsatellite loci are present in the human genome (Ellegren, 2004). 
   The microsatellites are most commonly found in non-coding regions of the DNA, either in the 
introns or intergenic sequences (Metzgar et al., 2000; Zane et al, 2002). This type of microsatellites is 
commonly used as genetic markers as they are highly polymorphic and scattered uniformly throughout 
the genome (Hancock, 1999; Naido and Chetty, 1998). 
   Non-coding regions have a mutation rate which is considerably higher than in coding regions and 
that increases with increasing length of the microsatellite region (Lai and Sun, 2003; Zane et al., 
2002). Mutant alleles differ from the original parent allele with one single repeat (Naido and Chetty, 
1989). The mutations are predominantly caused by a mechanism called ‘DNA replication slippage’ 
(Eisen, 1999; Schlötterer, 2000).  This mechanism generates an increase or decrease in number of 
repeats due to a mismatch in the alignment of the template and replicated strand (Eisen, 1999). 
Mutations in microsatellite regions have been implicated in susceptibility and protection against a 
number of disease states (Andersson et al., 2012; Naido and Chetty, 1989). 
   The ELA region has previously been well characterized by serological typing, where antigens 
expressed on the surface of lymphocytes are identified by the use of monoclonal antibodies (Adib et 
al., 2004; Ansari et al., 1988). This method is however dependent on viability of the cells and limited 
by the availability of antiserum (Tseng et al., 2010). Another drawback of the serotypes is the low 
level of polymorphism and heterozygosity (Adib et al., 2004). Tseng et al. (2010) showed that 
multiple microsatellite haplotypes can be associated with one single serotype. Several studies have 
demonstrated a higher resolution, sensitivity and accuracy of DNA genotyping in comparison to 
serological genotyping (Adib et al, 2004; Tseng et al., 2010). 
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Materials and Methods 
Population and samples description 
A total number of 78 individuals were included in the study (Table 1). 26 of these were classified as 
ES-affected by histological analysis. The majority of the horses were Swedish Warmbloods and 16 of 
these were ES-affected. Blood or hair from horses affected with sarcoids was collected from horses 
treated at the University Animal Hospital at the Swedish University of Agricultural Sciences (SLU), as 
well as from affected horses in the area of Uppsala, Sweden. Samples from control horses were taken 
from previously genotyped horses at the Animal Genetics Laboratory at SLU. 
 
Table 1.Number of horses and breeds as well as controls and cases included in the study. 
Breed Controls Cases 
 
Swedish Warmblooded Trotter 8 1 
 
Swedish Warmblood 32 16 
 
Polish Warmblood 1 0 
 
Lipizzaner 4 1 
 
Shire 0 1 
 
New Forest Pony 1 0 
 
Welsh Pony 1 0 
 
Connemara Pony 1 1 
 
Norwegian Fjord Horse 1 0 
 
Riding Pony 0 2 
 
Cross Breed 2 0 
 
Unknown 1 1 
 
Arabian Horse 0 1 
 
Thoroughbred 0 2 
Tot. 52 26 
DNA isolation 
DNA from hair roots was isolated by addition of 100µl Chelex 100 Resin (Bio-Rad Laboratories, 
Hercules, California, USA) and 7µl of proteinase K (Merck KGaA, Damstadt, Germany). This mix 
was thereafter incubated at 56 ºC for 1 h and subsequently for 10 min at 95 ºC to inactivate the 
proteinase K. DNA from blood was isolated with a QIAsymphony DNA preparation robot (Qiagen, 
Hilden, Germany) according to the standard protocol for blood extraction with the Miniprep-kit.  
Microsatellite analysis 
The microsatellites used in this study included markers within the MHC region and chromosome 23 as 
well as markers located at various positions in the horse genome. The latter are regularly used as 
additional markers in parentage testing (17-plex) at the Animal Genetics Laboratory, SLU (Glowatski-
Mullis et al., 2005). Eleven markers were located within the MHC region (Table 2). The 
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microsatellites located on various positions were included to test for population stratification. These 
markers are located on various chromosomes whereas the MHC-markers are restricted to 
chromosomes 20 (Table 2). Primer sequences for markers in the MHC-region and chromosome 23 are 
given in Appendix I. 
 
Table 2. The microsatellites included in the study, the chromosome they are located on and the source of the microsatellites. 
  Marker Chr. Source 
Control markers TKY297 1 Glowatski-Mullis (2005) 
 
TKY374 1 Glowatski-Mullis (2005) 
 
HTG7 4 Glowatski-Mullis (2005) 
 
TKY337 4 Glowatski-Mullis (2005) 
 
HMS5 5 Glowatski-Mullis (2005) 
 
ASB2 15 Glowatski-Mullis (2005) 
 
HMS1 15 Glowatski-Mullis (2005) 
 
HTG6 15 Glowatski-Mullis (2005) 
 
HTG3 16 Glowatski-Mullis (2005) 
 
TKY321 20 Glowatski-Mullis (2005) 
 
TKY394 15 Glowatski-Mullis (2005) 
 
TKY294 27 Glowatski-Mullis (2005) 
 
TKY333 28 Glowatski-Mullis (2005) 
  TKY301 23 Glowatski-Mullis (2005) 
Markers in the 20STS01 20 Wade et. al (2009) 
MHC region UMN-J34-2 20 Tseng et. al (2010) 
 
UMNe056 20 Roberts et. al (2000) 
 
TKY694 20 Tozaki et. al (2003) 
 
UMNe214 20 Wade et. al (2009) 
 
DRAi1 20 Unpublished 
 
DQB 20 Unpublished 
 
COR112 20 Tseng et. al (2010) 
 
COR113 20 Tseng et. al (2010) 
 
UM11 20 Glowatski-Mullis (2005) 
 
COR114 20 Tseng et. al (2010) 
 
UMNe151 20 Swinburne et. al (2003) 
 
COR084 23 Tallmadge R.L. et al (1999) 
  UM022 23 Meyer A.H. et. al (1997) 
Total no. of markers 
 
28 
  
PCR-amplification 
PCR-amplification of the random markers, as well as the MHC marker UM11, was performed in two 
separate reactions in a total volume of 14 µl. Each reaction was set up as follows: 1.6 µl 10x PCR-
buffer (Applied Biosystems, Californa, USA), 0.16 µl 20mM dNTPs, 0.25 µl primer mix, 1.8 µl Taq 
Gold (5U/µl) (Applied Biosystems, Californa, USA), 10.20 µl H2O and 1 µl DNA. Cycling conditions 
for the random markers were as follows: 95 ºC for 5 min, 34 cycles of 95 ºC for 1 min, 58 ºC for 1 min 
30 s, 72 ºC for 1min and a final extension at 72 ºC for 20 min.  
  PCR-amplification of the microsatellites in the MHC region (except for UM11) was performed in 
separate reactions in a total volume of 10 µl consisting of 1 µl GeneAmp10x PCR Buffer II (Applied 
Biosystems, Californa, USA), 2 µl MgCl2 25 mM, 0.1 µl dNTPs 25 mM, 0.1 µl forward primer 10 µM 
with M13(-21) tail, 0.5 µl reverse primer 10 µM, 0.5 µl fluorescent- labeled M13 linker 10 µl, 0.1 µl 
AmpliTaq Gold DNA polymerase (Applied Biosystems, Californa, USA) and 4.7 µl H2O. Cycling 
conditions for 20STS, COR113, COR114, DQB, DRA and TKY694 were as follows: 95 ºC for 5 min, 
33 cycles of 95 ºC for 1 min, 58 ºC for 1 min, 72 ºC for 30 s and a final extension at 72 ºC for 20 min. 
Cycling conditions for COR084, COR112, UM022, UMNe056, UMNe151, UMNe214 and UMN-J34-
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2 were as follows: 95 ºC for 5 min, 20 cycles of 95 ºC for 1 min, 60 ºC – 0.5 ºC/cycle for 1 min, 72 ºC 
for 30 s followed by 20 cycles of 95 ºC for 1 min, 55 ºC – 0.5 ºC/cycle for 1 min, 72 ºC for 30 s and a 
final extension of 72 ºC for 7 min.  
Statistical analyses  
P-values ≤ 0.05 were considered significant and Bonferroni correction for multiple testing was used 
when applicable. All calculations were carried out for cases and controls in two groups of horses; one 
group including all horses and one group including only Swedish Warmbloods. 
   All microsatellites included were tested for Hardy Weinberg Equilibrium and heterozygosity using 
the software GenePop on the Web (Raymond and Rousset, 1995; Rousset, 2008) in order to 
determine whether the individuals in the study are a representative of the population. 
Heterozygosity was also calculated by a Fisher Exact Test using SISA software (Uitenbroek, 1997).  
   Allele frequencies were calculated for markers in the MHC-region using GenePop on the Web 
software (Raymond and Rousset, 1995; Rousset, 2008). Fisher Exact test on SISA (Uitenbroek, 
1997) was thereafter used to test for significant differences in allele frequencies between cases and 
controls. Alleles with significant differences between cases and controls were subsequently tested for 
significant differences in the level of individuals homozygous and heterozygous for the allele. This 
test was performed using Fisher Exact test on SISA (Uitenbroek, 1997). 
   Fisher Exact test on SISA (Uitenbroek, 1997) was also used for analysis of homozygous stretches in 
the MHC-region. Observed haplotypes were examined for significant differences between cases and 
controls using the same method. 
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Results 
Hardy Weinberg Equilibrium 
All markers, the ones located at various positions in the horse genome as well as the ones located 
within the MHC-region, were tested for Hardy Weinberg Equilibrium (HWE). The p-value was 
adjusted to 0.002 after Bonferroni correction. For the control group, including all breeds, the markers 
ASB2, HTG7 and COR112 were not in HWE. The corresponding case group was not in HWE for the 
marker COR113. For the control group of Swedish Warmbloods the only marker not in HWE was 
COR112 whereas all markers for the corresponding case group were in HWE.  
Fisher Exact 
The Fisher Exact test was used for testing of significant differences in homozygosity/heterozygosity 
between cases and controls. After Bonferroni-correction (P = 0.002) none of the markers in either the 
group including all horses or the group including only Swedish Warmbloods showed significant 
results (Table 3). However, looking at raw p-values several markers within the MHC-region are close 
to significance. 
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Table 3. Fisher Exact test was used to test for differences in the level of homozygosity and heterozygosity between cases and 
controls for all horses and Swedish Warmbloods respectively. Markers with significant results had a higher number of 
homozygotes than heterozygotes in ES affected horses.  
Marker All horses 
p-value (raw) 
Swedish Warmbloods 
p-value (raw) 
ASB2 0.21 0.29 
HMS1 0.60 1.0 
HMS5 0.21 0.74 
HTG3 1.0 1.0 
HTG6 0.78 0.73 
HTG7 0.81 0.77 
TKY294 0.41 0.29 
TKY297 1.0 0.72 
TKY301 0.78 0.73 
TKY321 0.58 1.0 
TKY333 1.0 1.0 
TKY337 0.81 0.02 * 
TKY374 1.0 1.0 
TKY394 0.42 1.0 
20STS01 0.58 1.0 
UMN-JH-34-2 0.39 0.47 
UMNe056 0.61 0.76 
TKY694 0.56 0.49 
UMNe214 0.17 0.17 
DRA 0.81 0.52 
DQB 1.0 0.38 
COR112 0.80 1.0 
COR113 0.02 * 0.03 * 
UM11 0.01 ** 0.04 * 
COR114 0.02 * 0.01 ** 
UMNe151 0.09  0.31 
COR084 0.02 * 0.14 
UM022 0.80 1.0 
 
 
 Heterozygosity 
The observed levels of homozygosity and heterozygosity were tested for significant differences from 
the expected levels for cases and controls in both groups respectively using GenePop. After 
Bonferroni correction significant results for the control markers were only observed for marker HTG7 
in the case group for all horses (Table 4). However raw p-values revealed significant results for HTG7 
also in case group including only Swedish Warmbloods. For markers located in the MHC-region 
significant heterozygosity deficiency after Bonferroni correction was observed for marker DQB in the 
case group including all horses. Though, raw p-values did also show significant results for markers 
20STS01, UMNe214, COR112, COR113 and UM11. The corresponding control group revealed 
significant results for markers DQB, COR112, UMNe51 and COR084 after Bonferroni correction. 
Class I 
Class III 
Class II 
Chromosome 23 
* 0.01 < P ≤ 0.05 
** 0.001 < P ≤ 0.01 
*** P ≤ 0.001 
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Raw p-values added marker TKY694 to the significant results for this group. In the case group for 
Swedish Warmbloods no significant results were observed after Bonferroni correction. However, raw 
p-values demonstrated significant results for markers UMNe214, DQB, COR112, UM11 and 
UMNe151. Significant results after Bonferroni correction for the corresponding control group were 
observed for marker COR084. Without Bonferroni correction significant results were also observed 
for markers TKY694 and COR112. 
 
Table 4. The observed levels of homozygosity and heterozygosity were tested for significant differences from the expected 
levels for cases and controls respectively for both the group including all horses and the group including only Swedish 
Warmbloods. 
Marker All horses 
p-value (raw) 
Swedish Warmbloods 
p-value (raw) 
 Case Control Case Control 
ASB2 0.20 0.20 0.17 0.10 
HMS1 0.49 0.65 0.58 0.55 
HMS5 0.80 0.28 0.78 0.47 
HTG3 0.37 0.05 0.37 0.39 
HTG6 0.88 0.82 0.79 0.72 
HTG7 0.001*** 0.01** 0.002** 0.06 
TKY294 0.13 0.34 0.17 0.66 
TKY297 0.06 0.52 0.16 0.63 
TKY301 0.08 0.21 0.25 0.25 
TKY321 0.06 0.24 0.33 0.25 
TKY333 0.74 0.92 0.89 0.81 
TKY337 0.06 0.05 0.15 0.89 
TKY374 0.17 0.31 0.20 0.21 
TKY394 0.33 0.20 0.26 0.56 
20STS01 0.01** 0.71 0.08 0.42 
UMN-JH-34-2 0.30 0.38 0.27 0.74 
UMNe056 0.21 0.49 0.17 0.39 
TKY694 0.65 0.002** 0.52 0.02* 
UMNe214 0.04* 0.90 0.02* 0.93 
DRA 0.17 0.63 0.35 0.82 
DQB 0.00*** 0.00*** 0.002** 0.19 
COR112 0.02** 0.001*** 0.003** 0.01** 
COR113 0.002** 0.38 0.02* 0.40 
UM11 0.02* 0.26 0.006** 0.10 
COR114 0.09 0.90 0.13 0.93 
UMNe151 0.05 0.00*** 0.04* 0.02* 
COR084 0.96 0.00*** 0.88 0.00*** 
UM022 0.27 0.67 0.33 0.98 
 
 
  
Class II 
Chromosome 23 
* 0.01 < P ≤ 0.05 
** 0.001 < P ≤ 0.01 
*** P ≤ 0.001 
Class I 
Class III 
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Allele frequencies 
Allele frequencies were calculated for markers in the MHC-region and significant differences between 
cases and controls were tested using Fisher Exact test. P-values were corrected by Bonferroni 
correction according to the total number of alleles in each marker. Significant differences in allele 
frequencies between cases and controls for the group including all horses were observed for the 
markers UMN-JH34-2, TKY694, UMNe214, COR112, COR113, UM11, UMNe151 and UM022 
(Table 5). For the group including only Swedish Warmbloods significant differences between cases 
and controls were observed for the markers UMN-JH34-2, DQB, COR112 and UM11 (Table 6). 
 
 
Table 5. Markers with significant difference between controls and cases in the group of all horses. Number of alleles in 
markers with significant differences between controls and cases within the MHC-region, allele total number of alleles for 
controls and cases in each marker as well as significant p-value for each allele after Bonferroni correction.  
Marker 
No. of 
alleles 
detected 
Sig. 
allele p-value 
 
No. of 
horses 
cases 
 
No. of 
horses 
controls 
No. 
of 
sig. 
allele  
cases 
Tot 
no. of 
alleles 
in 
cases 
No. of 
sig. 
allele  
controls 
Tot no. 
of 
alleles 
in 
controls 
Sig. p-value 
(Bonferroni) Effect 
UMN-JH34-2 12 L 0.0006*** 25 48 18 52 11 96 0.004 - 
TKY694 6 L 0.002** 26 52 0 52 14 102 0.008 + 
COR112 18 M 0.002** 26 52 11 52 5 104 0.003 - 
 18 Q 0.003**   12 52 7 104 0.003 - 
COR113 10 M 0.005** 25 39 17 40 15 78 0.005 - 
UMNe151 6 K 0.006** 20 40 2 40 19 80 0.008 + 
 6 L 0.003**   27 40 32 80 0.008 - 
UM022 6 M 0.006** 22 42 19 50 51 84 0.008 + 
 
 
 
 
 
 
Table 6. Markers with significant difference between controls and cases in the group of Swedish Warmbloods. Number 
of alleles in markers with significant differences between controls and cases within the MHC-region, allele total number of 
alleles for controls and cases in each marker as well as significant p-value for each allele after Bonferroni correction. 
Marker 
No. of 
alleles 
detected 
Sig. 
 allele p-value 
No. 
horses 
cases 
No. of 
horses 
controls 
No. 
of 
sig. 
allele  
cases 
Tot 
no. of 
alleles 
 cases 
No. of 
sig. 
allele  
controls 
Tot no. 
of 
alleles 
controls 
Sig.  
p-value 
(Bonferroni)  
Effect 
UMN-JH34-2 9 N 0.001*** 14 32 2 27 25 63 0.006 + 
DQB 6 O 0.0007*** 15 31 6 30 0 64 0.008 + 
COR112 12 F 0.002** 15 32 1 29 20 64 0.004 + 
UM11 15 M 0.004** 15 32 10 30 9 64 0.004 - 
 
 
  
* 0.01 < P ≤ 0.05 
** 0.001 < P ≤ 0.01 
*** P ≤ 0.001 
* 0.01 < P ≤ 0.05 
** 0.001 < P ≤ 0.01 
*** P ≤ 0.001 
− disadvantageous allele 
+ advantageous allele 
− disadvantageous allele 
+ advantageous allele 
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Homozygosity of significant differences in allele frequency between cases and controls 
The alleles with significant differences between cases and controls in the respective markers were 
tested for homozygosity of the allele in cases versus all other genotypes in controls. In addition 
genotypes containing the allele in cases were tested against controls not carrying the significant allele. 
This was performed using Fisher Exact test for the group including all horses and the group including 
only Swedish Wambloods respectively (Table 7 and 8). 
 
 
Table 7. Group including all horses. P-values and odds ratio for significant genotype variations between cases and controls. 
Marker Allele 
YY 
vs 
XX 
 YY 
cases 
 YY 
controls 
Odds 
ratio 
YZ vs  
XX 
 YZ 
cases 
 YZ 
controls 
Odds 
ratio 
Tot. 
no. 
cases 
Tot.  
no. 
controls 
Bonferroni  
correction 
UMN-JH-34 L 0.05* 0.16 0.02 9.27 0.002** 0.56 0.20 6 25 45 n. a. 
TKY694 L 0.44 0 0.04 ∞ 0.007** 0 0.22 ∞ 26 51 n. a. 
COR112 M 0.45 0.04 0.02 2.04 0.001*** 0.38 0.08 8 26 52 0.03 
 Q 0.22 0.08 0.02 4.44 0.006** 0.38 0.12 5   0.03 
COR113 M 0.03* 0.24 0.05 7.5 0.14 0.44 0.33 2.36 25 39 n. a. 
UMNe151 K 0.55 0 0.07 ∞ 0.04* 0.14 0.40 0.29 14 30 0.03 
 L 0.03* 0.50 0.23 3.19 0.03* 0.85 0.58 2.68 20 40 0.03 
UM022 M 0.16 0.23 0.33 0.65 0.02* 0.64 0.88 0.86 22 42 n. a. 
 
Y significant allele 
X any allele excluding significant allele 
Z any allele including significant allele 
 
 
Table 8. Group including Swedish Warmbloods. P-values and odds ratio for significant genotype variations between cases 
and controls. 
Marker Allele YY vs XX  YY cases 
 YY 
controls 
Odds 
ratio YZ vs XX 
 YZ 
cases 
YZ 
controls 
Odds 
ratio 
Tot. no. 
cases 
Tot. no. 
controls 
UMN-JH-34 N 0.15 0 0.16 ∞ 0.005** 0.14 0.59 8.77 14 32 
DQB O 0.33 0.07 0 ∞ 0.002** 0.33 0 ∞ 15 30 
COR112 F 0.07 0 0.19 ∞ 0.007** 0.06 0.44 11.67 16 32 
UM11 M 0.32 0.07 0 ∞ 0.03* 0.27 0.03 2 15 32 
 
Y significant allele 
X any allele excluding significant allele 
Z any allele including significant allele 
 
Homozygous stretches 
Homozygous stretches were classified as long when six or more consecutive markers were observed as 
homozygous. In the group including all horses 0.02 of the controls were homozygous in a stretch of 
six or more markers whereas the corresponding observation for cases was 0.23, giving a significant 
difference with p-value 0.005 and OR 15.3 (Figure 1). None of the controls were homozygous over the 
entire region in comparison to 0.12 of the (p-value 0.03, odds ratio 15.3). Similar results were 
observed in the group of Swedish Warmbloods where none of the controls horses had a homozygous 
stretch of six or more markers compared to 0.27 of the cases (p-value 0.008, OR ∞) (Figure 2). None 
of the controls were homozygous over the entire region in comparison to 0.12 of the cases (p-value 
0.008, OR ∞).  
* 0.01 < P ≤ 0.05 
** 0.001 < P ≤ 0.01 
*** P ≤ 0.001 
* 0.01 < P ≤ 0.05 
** 0.001 < P ≤ 0.01 
*** P ≤ 0.001 
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Haplotypes 
All horses included 
Possible haplotypes were observed in markers DQB and COR112 (Table 9), as well as for 
DRA/DQB/COR112 (Table 10). Horses with genotypes M/M F/F and M/- F/- in DQB/COR112 were 
exclusively Swedish Warmbloods (Table 11). 
 
Table 9. Observed haplotypes for DQB/COR112 in cases and controls with indicated p-values and odds ratio for significant 
results. 
 1) DQB COR112 2) DQB COR112 No. horses 
 
 K+/K+ D+/D+  K+/- D+/-  
Cases  0.04  0.08 26 
Controls  0.29  0.33 52 
p-value  0.007**  0.01**  
Odds ratio  9.73  5.59  
1) Homozygous haplotype against all other haplotypes 
2) Haplotype containing observed allele against all other haplotypes 
 
 
 
  
Figure 1. Horses homozygous for six consecutive markers 
in the MHC-region in cases and controls respectively for 
the group with all horses.  
 
Figure 2. Horses homozygous for six consecutive markers in 
the  MHC-region in cases and controls respectively for the 
group with Swedish Warmbloods.  
* 0.01 < P ≤ 0.05 
** 0.001 < P ≤ 0.01 
*** P ≤ 0.001 
* 0.01 < P ≤ 0.05 
** 0.001 < P ≤ 0.01 
*** P ≤ 0.001 
** 
* 0.01 < P ≤ 0.05 
** 0.001 < P ≤ 0.01 
*** P ≤ 0.001 
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Table 10. Observed haplotypes for DRA/DQB/COR112 in cases and controls with indicated p-value and odds ratio for 
significant results.  
 
1) DRA DQB COR112 2) DRA DQB COR112 No. horses 
  N/N K+/K+ D+/D+ 
 N/- K+/- D+/-  
Cases  0  0.04 52 
Controls  0.19  0.62 26 
p-value   
 0.02*  
Odds ratio  ∞  5.11  
1) Homozygous haplotype against all other haplotypes 
2) Haplotype containing observed allele against all other haplotypes 
 
 
 
Swedish Warmbloods 
For Swedish Warmbloods potential haplotypes were observed for DQB/COR112 (Table 11) as well as 
COR113/UM11/COR114 (Table 12).  
 
Table 11. Observed haplotypes for DQB/COR112 in cases and controls with indicated p-values and odds ratiofor significant 
results. 
 
1) DQB COR112 2) DQB COR112 No. horses 
 
 M/M F/F  M/- F/-  
Cases  0  0.07 15 
Controls  0.19  0.41 32 
p-value  
  
 0.02*  
Odds ratio  
 
∞  8  
 
1) Homozygous haplotype against all other haplotypes 
2) Haplotype containing observed allele against all other haplotypes 
 
 
 
 
 
 
Table 12. Observed haplotypes for DRA/DQB/COR112 in cases and controls with indicated p-value and odds ratio for 
significant results.  
  1) COR113 UM11 COR114 2) COR113 UM11 COR114 No. horses 
   M/M M/M P/P  M/- M/- P/-  
Cases  0.20  0.43 14 
Controls  0  0.28 25 
p-value  0.04*     
Odds ratio  ∞  
 
 
 
1) Homozygous haplotype against all other haplotypes 
2) Haplotype containing observed allele against all other haplotypes 
 
  
* 0.01 < P ≤ 0.05 
** 0.001 < P ≤ 0.01 
*** P ≤ 0.001 
* 0.01 < P ≤ 0.05 
** 0.001 < P ≤ 0.01 
*** P ≤ 0.001 
* 0.01 < P ≤ 0.05 
** 0.001 < P ≤ 0.01 
*** P ≤ 0.001 
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Discussion 
The results from this study show that the genetic profiles of horses affected with Equine Sarcoids (ES) 
are different from that of non-affected horses. In addition, the results implicate breed differences in the 
genotypes of the horses included in the study. 
   After Bonferroni correction the majority of the control markers included in the study were in Hardy 
Weinberg Equilibrium (HWE) indicating that the selected group of horses is an adequate 
representative of the total population. All control markers (markers located at various positions in the 
genome) showed good amplification in the PCR. Marker HTG7 was the only marker that deviated 
from HWE. The same result was achieved when looking at the level of observed heterozygotes in 
cases and controls respectively. This marker does however have a low level of polymorphism which 
may increase the number of homozygous individuals in the locus (Lúis et al. 2007; Khansour et al. 
2012). PIC-values for HTG7 have previously been shown to range from 0.357 to 0.662 (Juras, et al. 
2004; Mihók et al. 2009). These values can be compared to, for example, ASB2 with PIC-values 
ranging from 0.669 to 0.868 (Lúis et al. 2004; Mihók et al. 2009). PIC values for HTG7 in this study 
varied from 0.637 to 0.697 in comparison to 0.800 - 0.845 for ASB2 (data not shown). Thus, the 
higher number of homozygotes observed in HTG7 in this study does not deviate from levels normally 
observed for this marker. 
   The other markers with significant results in the Fisher Exact test had an excess of homozygotes in 
ES affected horses and are located in the MHC-region. There are several possible explanations for this. 
For some horses a few markers in this region did not show as good amplification as the randomly 
located markers. These horses were included in the control group where DNA was extracted from hair, 
which gives lower quality than DNA extracted from blood. The deviation from HWE could thereby be 
due to allele drop outs. In addition, this region is complicated and poorly defined molecularly in horse 
(Brinkmeyer et al. 2012; Hedrick et al. 1999). The MHC is a multigene family which makes it difficult 
to know at which gene copy the marker amplifies (Hedrick, et al. 1998; personal communication). 
Variation in class II DRB MHC sequences has indeed been demonstrated in Przewalski’s horses. It 
was concluded that these sequences derived from two genes and that one of them included a 
nonfunctional allele (Hedrick et al. 1998). Also, pseudogenes have been demonstrated in the horse 
MHC (Tallmadge et al. 2005). Deviation from HWE, with homozygote excess, has in addition been 
demonstrated in marker DQB in Alaskan caribou herds (Kennedy et al. 2010).  
   Significant results for the MHC-region were also observed for both groups when looking at the 
observed level of heterozygosity in comparison to the expected level in cases and controls 
respectively. Several markers in both groups showed a significant excess of homozygotes.  The 
number of significant markers was similar for both cases and controls in both of the groups. However, 
several of the significant markers were not the same in cases as in controls. As the MHC-region is a 
highly polymorphic region of the DNA (Gaudieri et. al, 2000; Vandiedonck and Knight, 2009) it was 
expected that controls would have a high level of heterozygosity than the cases. Also, it has previously 
been demonstrated that horses affected by Insect bite hypersensibility (IBH) were more homozygous 
in the MHC region than non-affected horses (Andesson et al. 2012), indicating that similar results 
would have been expected in this study. Though, again the DNA in this group of horses may have had 
lower quality and/or varying DNA-concentrations wherefore allele drop outs are plausible. Also, 
looking at longer consecutive homozygous stretches along the MHC region the frequency in cases was 
significantly higher in than in controls for both groups of horses. When looking at the group including 
all horses there was also a significant difference between horses homozygous over the entire region of 
markers in MHC class II. These results are consistent with results obtained by Andersson et al (2012) 
who showed that homozygosity over the entire MHC class II region is associated to IBH. As the DNA 
quality for the cases was higher than for the controls the probability of allele drop outs is unlikely, 
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which further supports the results from this study. A larger sample size would however increase the 
impact of the results 
   Interesting results were obtained when looking at allele frequencies in markers within the MHC-
region. Significant differences in frequencies of various alleles were observed when comparing cases 
and controls for both groups of horses. A higher number of significant alleles were observed for the 
group including all horses, which could be due to the mix of breeds. There may be breed specific 
differences in the genotypes of horses included in the study. The majority of the significant alleles had 
a higher frequency in cases than in controls indicating a disadvantageous effect of the respective 
alleles. One marker, UMNe151, included two alleles with significant results. One allele, K, was more 
common in controls whereas the other (L) was more common in cases. This could be a result from a 
mutation that in turn adds to an increased susceptibility to the development of ES. Alleles in COR112 
were significantly more common in cases than in controls in the group including all horses. This is 
consistent with the results obtained by Andersson et. al (2012) who showed association to IBH for one 
allele in COR112 in two different populations. Opposite results were however seen in the group 
including only Swedish Warmbloods. For this group the allele with significant difference in frequency 
between cases and controls was more common in controls than in cases. It was in addition a different 
allele, F, than the alleles with significant results in the group including all horses. The fact that the 
allele is more common in controls than in cases could indicate a protective role. Moreover this allele, 
in concert with allele M, was exclusively present in Swedish Warmbloods designating differing 
risk/protecting alleles in breeds. Also, haplotypes containing these alleles were only present in 
Swedish Warmbloods which further supports breed differences in the genetic profile. Differences 
between the groups were also observed in the localization of MHC-class of the significant markers. 
MHC classes I and II were involved in both groups whereas the group including all horses also 
showed significance in class III and on chromosome 23.  The hypothesis of a diverse genetic 
background to ES between different breeds has indeed been suggested in studies by for example 
Lazary et al. (1985) and Meredith et al. (1986). 
   The results obtained when looking at homozygosity/heterozygosity of the significant alleles among 
the horses indicate that carrying only one copy of the allele is sufficient to achieve the effect of the 
allele. An effect of being homozygous for the respective allele was only seen for markers in the group 
including all horses. The low number of individuals in the group of Swedish Warmbloods could be an 
explanation to why the same results were not observed in this group. 
   Furthermore, plausible haplotypes associated to predisposition for or protection against ES was 
observed in MHC class II for both groups of horses. Association between development of ES and 
certain haplotypes in MHC has previously been suggested by serological studies (Meredith et al. 1986, 
Broström et al. 1988). The results from this study did in consistence with these studies show 
association of haplotypes in MHC class II with development of ES. However, this study also reveals 
association between certain haplotypes and protection against ES. This haplotype included the same 
two markers (DQB and COR112) for both groups of horses, though with different allele composition. 
No haplotype association with risk of development of ES was observed in the group including all 
horses, which again could be due to the mix of breeds in the group. Different breeds may have 
haplotypes that are common in the specific breed. In contrast, a disadvantageous effect of being 
homozygous for alleles M-M-P in the haplotype constructed by markers COR113-UM11-COR114 
respectively was demonstrated for the group including only Swedish Warmbloods. In addition, allele 
M in marker UM11 was significantly more common in cases. These markers are located close to each 
other in the end region of MHC class II that encodes the DM-genes (Fig. 3). DM is a cofactor crucial 
for making antigens available for T-cell recognition (Jensen et al. 1999). For Swedish Warmbloods it 
could therefore be speculated that specific alleles in genes in the region for the DM-genes modifies the 
genes in a disadvantageous way. The DQB-COR112 haplotype is positioned on the opposite part of 
24 
 
MHC class II (Fig. 3), spanning over a much larger region than the COR113-UM11-COR114 
haplotype. This region includes the DQ- and DR-genes (Bailey 1994; Tseng et al. 2010). These genes 
are, in similarity to the DM-genes, also involved in the presentation of antigens to T-lymphocytes. In 
contrast to the DM-genes, the DQ- and DR-genes encode hetero-dimeric membrane proteins 
(Bondinas et al. 2007). The clear separation of the haplotypes on the chromosome could indicate that 
the genes involved in susceptibility of sarcoids are localized to the region of MHC II encoding the 
cofactor DM. One possible function could be by preventing the protein to uncover the binding-sites for 
foreign molecules on the antigens. Specific alleles in MHC II have also in earlier studies been 
suggested to impair the immune response against bovine papilloma virus (BPV) (Chambers et al. 
2003). In addition, similar results have been observed in both rabbits and humans (Chambers et al. 
2003; Han et al. 1992). 
   It has previously been documented that BPV protein E5 downregulates MHC class I expression 
(Ashrafi et al. 2002; Marchetti et al. 2002). This has been speculated to despair the detection of 
infected cells by T-cells and thereby contribute to BPV persistence (Ashrafi et al. 2002; Marchetti et 
al. 2002). Marker UMN-J34-2 is located in MHC class I (Figure 3). Significant results for allele 
frequencies were observed in both groups of horses, though for different alleles between the groups. 
For the group including all horses the significant allele was more common in controls whereas the 
opposite was observed for the Swedish Warmbloods. It was for both groups sufficient to be 
heterozygous for the allele to obtain the effect, which is consistent with the fact that no significance 
was observed in the Fischer Exact test for this marker. 
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Jandova et al. (2012) have previously shown significant association between ES and marker UM022 
located on chromosome 23 (Figure 4.). This study did in consistency to Jandova et al. (2012) also 
show significant results for this marker. Significant differences in the frequency of allele M was 
observed for the group including all horses. This marker was more common in controls, which 
suggests a protective role. Protective roles of alleles in markers in the MHC region have, according to 
literature searches to date, not previously been demonstrated. The study by Jandova et al. (2012) did 
also see an association to the development of ES in marker COR084, located on the same 
chromosome. The present study did not show allele-association for this marker. However, the Fischer 
Figure 3. MHC-markers included in the 
study, their positions and respective MHC-
class as well as the genes located in close 
proximity to the markers. C indicates the 
position of the centromere. 
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Exact test retained significance in the group including all horses. The region on chromosome 23 
housing these markers encodes various types of interferons, which are antiviral and tumor protective 
agents. Papillomaviruses have previously been shown to be able to inactivate interferon regulatory 
signaling (Park et al. 2000). The downregulation of antiviral molecules in the immune system could 
make the horse more susceptible to viral infections. It could be hypothesized that this facilitates 
infection by BPV, which in turn may contribute to the development of ES. Association of alleles in 
MHC to resistance or susceptibility to a number of infectious diseases, both viral and non-viral, has 
previously been demonstrated in humans (Meyer et al. 2001). 
 
 
 
 
 
 
 
 
 
 
 
The breed differences observed in this study are liable as a high level of genetic diversity has been 
demonstrated between different horse breeds (Glowatzki-Mullis et. al, 2006; Luis et. al, 2007). 
Variation in the expression of MHC alleles between breeds has also been demonstrated by Meredith 
et. al (1986). This phenomenon has also been demonstrated in human studies (Hill et al. 1994). The 
different results obtained for the two groups of horses may therefore be due to the variety of breeds in 
the first group. Different mutations could have occurred after the separation of breeds. Thus, more 
accurate results may be obtained by examination of horses separated into their respective breed. This 
study did however not include a sufficient number of horses of each breed to examine other breeds 
than Swedish Warmbloods. 
 
Conclusions and future perspectives 
The results from this study confirm the results from earlier studies (Jandova et. al, 2012; Andersson et 
al. 2012; Broström et al. 1988; Meredith et al, 1986; and others). Several markers with specific alleles 
in the MHC-region were significantly associated to the development of ES. These regions may harbor 
genes involved in the genetic susceptibility of ES. The majority of the significant markers are located 
in MHC class II. Breed differences in significant regions and alleles in the respective markers in MHC 
were observed. Some alleles were more common in controls than in cases whereas the opposite was 
observed for other markers. This could indicate that there are both protective and susceptible 
properties of genes in the significant regions. Longer consecutive regions of homozygous markers 
were observed in diseased horses indicating a disadvantageous effect. This could possibly be due to 
lack of protective alleles or less ability to recognize foreign molecules due to a decreased variation of 
alleles. Certain haplotypes including two or three markers were observed with differences between the 
two groups of horses. The previously observed differences between breeds implicate that the results 
obtained for the group of Swedish Warmbloods in this study should be considered more accurate.  
   To further map the potential genes involved in the development of ES a narrowing of the distance 
between the examined markers with significant results is required. A next step would be to sequence 
the candidate genes. It could also be interesting to look at the level of gene expression of these genes 
Figure 4. Markers on chromosome 23 
included in the study and the genes located in 
close proximity to the markers. C indicates 
the position of the centromere. 
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to elucidate possible down regulation either due to BPV infection or mutations. As breed differences 
in the genotypes of affected horses has been proven the studies should be performed in separate 
breeds. Also, looking at individuals from the same sire lines would make it possible to more accurately 
map haplotypes with plausible involvement in the susceptibility to ES. 
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Appendix I 
 
 
List of primer sequences for amplified microsatellites in the MHC-region and on chromosome 23. 
 
Marker Chromosome Forward primer 
 with M13 (-21) universal sequence 
Reverse primer Source 
20STS01 20   Wade et. al (2009) 
UMN-J34-2 20 
 
 Tseng et. al (2010) 
UMNe056 20 [TGTAAAACGACGGCCAGT] 
TCTGTCTGCAGCTAAAGAGGC 
GCGGGGTACATAAGA
CTGTAGC 
Roberts et. al (2000) 
TKY694 20 
[TGTAAAACGACGGCCAGT] 
CCGCACAGACTTCACAAAGA 
ACACACCCATGAACC
CACTT Tozaki et. al (2003) 
UMNe214 20 
 
 Wade et. al (2009) 
DRAi1 20 
 
 Unpublished 
DQB 20 
 
 Unpublished 
COR112 20 
 
 Tseng et. al (2010) 
COR113 20 
 
 Tseng et. al (2010) 
UM11 20 
[TGTAAAACGACGGCCAGT] 
TGAAAGTAGAAAGGGATGTGG 
GTCTCAGAGCAGAAG
TCCCTG Meyer et. al (1997) 
COR114 20   Tseng et. al (2010) 
UMNe151 20 
[TGTAAAACGACGGCCAGT] 
CATTTCAAGGGCTACTTTGACC 
CATACGTTTTGCACCC
TCTC 
Swinburne et. al (2003) 
COR084 23 
[TGTAAAACGACGGCCAGT] 
GCTTCTGCTGAAAGCAATG 
CAAACTACATGAGTC
AATTCC Tallmadge et al (1999) 
UM022 23 
[TGTAAAACGACGGCCAGT] 
AAATAGCCACCAGCACGCAC 
CATACGTTTTGCACCC
TCTC 
Meyer et. al (1997) 
 
 
